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DEVELOPMENT OF FLEXIBLE FOAMED FILLED STRUCTURES 

Phase I Report, Progress  During 18 September 1963 t o  18 December 1963 

During the  f i r s t  phase of 

l a t i o n  was developed t h a t  

l i f e  and 

A static 

The head 

foaming t h e  l i f e  

t h e  contract  per iodla  s u i t a b l e  urethane foam formu- 

would meet t h e  necessary requirements f o r  s to rage  

r a f t  i 
head for mixing th i s  p a r t i c u l a r  formulation was developed and t e s t e d ,  

was incorporated i n  the  schematic drawing of t he  proposed por tab le ,  

s t a t i c  foam machine. 

Several  types of r a f t  design and construct ion were t r i e d  and a f i n a l i z e d  design , 

was developed t h a t  incorpora tes  an inner  Cop gas chamber with an ou te r  concentr ic ,  

tube f o r  foaming i n  p l ace  and t h e  two tubes spaced i n  pos i t i on  with narrow tapes  

of t h e  r a f t  material. 

p lace .  Buoyancy of t h e  r a f t  was t r i e d  i n  t h e  i n f l a t e d  condi t ion and the  foamed 

A prototype of t h i s  design was f ab r i ca t ed  and foamed i n  

condi t ion ,  

/ Reports on t h e  var ious  components ca l led  f o r  i n  t h e  con t r ac t  follow: 

SUBJECT 

I, Formulation Development 

11. Foam Machine Development 

PAGE - i 

111. Raft Design 16 
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I. FORMULATION DEVELOPMENT 

The formulation of t h e  foaming components should be such t h a t  t h e  following 

p rope r t i e s  are achieved i n  order  that  t h e  requirements of t h e  cont rac t  can be  

f u l f i l l e d :  

A .  Stab le  over t h e  required temperature range. 

B. O f  s u i t a b l e  v i s c o s i t y  over the temperature range t h a t  w i l l  al low 

adequate mixing, 

C ~ OL mininium number, prcfeiably only t w o  components a 

D. Of such physical  and chemical na ture  t h a t  when the  components axe 

mixed together ,  the  r e su l t i ng  mix w i l l  be of a low enough v i s c o s i t y  

so tha t  i t  w i l l  flow along the length of t he  r a f t ,  and upon turning 

i n t o  foam w i l l  al low i t s e l f  t o  be pushed along the  length of t he  

r a f t  i n t o  and around a l l  of the construct ion protuberances before 

hardening o r  s e t t i n g  up,  

E .  The r e s u l t i n g  foam should, a f t e r  cur ing,  have good s t a b i l i t y  and not  

shr ink  i n  cold temperatures or expand g r e a t i y  i n  ho t  temperatures; i t  

should a l so  be non-fryable and r e s i l i a n t  with good adherance t o  the  

r a f t  walls. 

F. The cure  should be reasonably f a s t  a f t e r  foaming. 

For prel iminary formulation screening, t h e  machine used was a Whirlpool Urethane 

Foam Machine with a 35 pound per  minute de l ivery .  

a Martin-Sweets, Model No. VMD 225 mixing head. 

could be  evaluated v i sua l ly ,  hea t  sealed tubes made from polyethylene f i l m  4 m i l  

i n  th ickness  were used as molds, 

inches long wi th  an i n t e r n a l  volume of 3.94 cubic  f e e t .  

This  machine was equipped with 

So t h a t  t h e  foam performance 

Each tube was 84 inches i n  diameter and 120 

I t  was f e l t  t h a t  any foam 
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formulatfon satisfactorily filling this large structute would also fill the raft 

cavity under almost any circumstances. In addition, simulated rafts heat sealed 

out of the same material, with an internal volume of 1.7 cubic feet, were used 

to test the circular flow of the foam material in both directions. The following 

are the prepolymer type foam combinations evaluated in the early period of this 

investigation: 

,-. l~ormul - -___I,-y_---- ati.on No, I Parts By Weight 

Atlas Chemical Company G-2410 Resin 35.00 
Trichloromonofluoromethane (R1 in other formulas) 18.00 
Tetramethylbutanediamine 0,50 
Triethylenediamine 0.20 
General Electric Silicone 1079 0.75 
Isocyanate Products, Inc., PE-2 Prepolymer 45.60 

Machine Rate: 0.525 lbs/sec. 

Foam Characteristics: Poor flowability in both tube and raft models, 

Formulation No. 2 Parts By Weight 

Atlas Chemical Company G-2571 Resin 
Union Carbide Corp. LA-475 Resin 
Dimethylethylamine 
Trfethylenediamine 

Allied Chemical Co. Nacconate 4040 
General Electric Co. Silicone 1079 

R1 

36 00 
6.45 
1 ,oo 
0,lO 
17 .OO 
38.70 
0.75 

Machine Rate: 0.474 lbslsec, 

Foam Characteristics: Good flowability in both raft and tube molds, 
filled tube with 8.25 lbs. of foam. 

Formulation No. 3 

Same as No. 1, except that 0.30 parte of triethylenediamine were added. 

Machine Rate: 0.470 lbs/sec. 

Foam Characteristics: Poor flowability, did not fill tube, raft was 
not tried. 
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Formulation No. 4 

Atlas Chemical Co. 6-2410 Resin 

Tetramethylbutanediamine 
Triethylenediamine 
General Electric Silicone 1079 
Isocyanate Products, Inc. PE-2 Prepolymer 

R1 

Parts By Weight 

34.38 
20 .oo 
1 .oo 
0.02 
0.50 
40.10 

Machine Rate: 0.489 lbs/sec. 

Foam Characteristics: Very poor flowability, slow cure, did not fill 
tube molds, raft was not tried. 

Formulation No. 5 

Atlas Chemical Co. 6-2410 Resin 
R1 
Tetramethylbutanediamine 
Dimethylethanolamine 
General Electric Silicone 1079 
Isocyanate Products, Inc. PE-2 Prepolymer 

Parts By Weight 

31.10 
25.00 
1 .oo 
1 .oo 
0.50 
41.40 

Machine Rate: 0.468 lbs/sec. 

Foam Characteristics: Good flowability, filled tube with 7.4 lbs., 
tube of foam shrank badly when placed outdoors 
in 4OOP air temperature, raft was not tried. 

Experiments with prepolymer form formulations were concluded with this run 

because of the poor phytaical properties. 

because data available shows excellent long term storage life stability of the 

These systems were tried originally 

component 8 

The following formulations are of the "one-shot" type where the toluene diisocyanate 

is used without first cooking it with some of the resin to form a prepolymer. It 

is believed that the 10% term storage stability can be achieved by the elimination 

of the Union Carbide LA-475 from Formulation No. 7. 
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Formulation No. 6 

Atlas Chemical Co. G-2571 Resin 
Union Carbide Corp., LA-475 r e s in  
General Electric Corp., S i l icone  1079 
Dimethyl ethanol amine 
Triethylenediamine 

Al l ied  Chemical Co., Naccanate 4040 
R 1  -B 

Parts By Weight 

36.00 
6.45 
0.75 
1 .oo 
0.20 

17 .OO 
38.60 

Machine Rate: 0.399 lbs / sec .  

Foam Charac ter i s t ics :  Poor flow, tube did not  f i l l  with 9 pounds of 
mater ia l ,  r a f t  was not  t r i e d .  The same formu- 
l a t i o n  was t r i e d  a f t e r  aging t h e  mixture f o r  
24 hours. 

Machine Rate: 0.390 lbs / sec .  

Foam c h a r a c t e r i s t i c s :  Good looking material, but t h e  tube d id  not  f i l l  
with 8.2 pounds of foam, ra f t  was no t  t r i e d .  

Formulation No. 7 P a r t s  BY Weight 

Atlas Chemical Co., 6-2571 Resin 
Dimethylethanolamine 
Triethylenediamine 
R1  
General Electric, S i l i cone  1079 
Al l ied  Chemical Co., Naeeanata 4040 

100 .oo 
3.00 
0.50 

50 ,OO 
3.00 

91, .oo 
Machine Rate: 0.395 lbs / sec .  

Foam Charac ter i s t ics :  Foam looked very poor i n  cell s t r u c t u r e ,  d id  
not  f i l l  tube. 
was t r i ed .  

Same formulation aged 48 hours 

Machine Rate: 0.472 lb s / sec ,  

Foam Characteristics: Foam looked good and f i l l e d  tube with 7.25 lbs .  
of foam, r a f t  f i l l e d  with 3.5 lb s .  of foam, t r i e d  
t o  f i l l  f u l l  scale r a f t ,  but  t h e  exotherm caused 
t h e  heat sealed j o i n t s  of t h e  polyehtylene t o  fa i l .  

c 
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Formulation No. 7 looks good when t h e  master batch i s  properly aged. This mix 

w i l l  be used i n  t h e  preliminary development of t h e  s ta t ic  mixing head. Several  

more s c a l e  r a f t s  of polyehtylene were foamed with Formulation No. 7 ,  and i t  was 

found t h a t  t h e  b e s t  flow cha rac t e r i s t i c s  were obtained when t h e  app l i ca t ion  por t  

i n  t h e  r a f t  was loaated at  t he  center of t h e  rad ius  i n  t h e  small end ( the  and 

with the  least thickness) .  This i s  believed t o  be t h e  r e s u l t  of t h e  ever increasing 

diameter t h a t  t h e  foam flows through during t h e  process when t h e  mix i s  de l ivered  

a t  t h e  small end. 
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11. FOAM MACHINE DEVELOPMENT 

A t  t h e  beginning of t h i s  p ro jec t  a l l  of t h e  cu r ren t ly  a v a i l a b l e  f o m  machines 

used a r o t a t i n g  mixing blade t o  m i x  t he  components. The machine used i n  t h e  

formulation development had a mixer blade t h a t  r o t a t e d  about 5000 rpm, 

a r o t a t i n g  blade type machine is  possible  i n  t h e  small size required by t h i s  

While 

p ro jec t ,  i t  was determined t h a t  considerable weight and s ize  would be el iminated 

i f  a stat ic  type mixer could be made t o  work with t h e  required formulation, o r  

a modified vers ion of i t ,  

Three small heads about s ix  inches long and one inch i n  diameter were b u i l t .  

The s ta t ic  mixing core  of t h e  f i r s t  head was a s tandard DuPont type h e l i c a l  mixing 

blade; t h e  second head had s i x  1/8' diameter rods running lengthwise through t h e  

core;  t h e  t h i r d  head l e f t  t h e  rod8 out  and t h e  holes  t h a t  contained t h e  rods were 

open. This head weighed 4 l b s .  2 02.  with housing. 
0 

Blade No. 1 

Machine Rate: 0.1785 l b d s e c .  
Resin Tip: 
TDI t i p  : 

1/16" Dla,, pressure at 75 p s i  
3/64" Dia., pressure a t  50 p s i  

Foam did  not  look very sa t i s f ac to ry .  

Blade No. 2 

Tips t h e  same as above. 

Tube No. 1 
Machine Rate: 0.185 Ibs / sec .  
F i l l  Time: 40.0 see. 
W t .  of Foam i n  Tube: 5.31 lbs. 

Tube d i d  not  f i l l .  
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Tube No. 2 
Machine Rate: 0.185 l b s / s e c ,  
F i l l  Time: 51. sec .  
We. of Foam i n  Tube: 6.31 lbs. 
Tube d id  'not f i l l .  

Tube No. 3 
Machine Rate: 0.1475 lbs / sec .  
F i l l  Time: 60.0 sec. 
Wt. of Foam: 9.12 lbs. 
This  tube o v e r f i l l e d .  

Tube No, 4 
Machine Rate: 0.1475 lbs / sec ,  
F i l l  T ime:  51.0 sec.  
W t .  of Foam: 7.31 l b s .  
This  tube f i l l e d .  

Two ga l lon  commercially a v a i l a b l e  type pressure  p a i n t  tanks were used t o  supply 

t h e  components t o  t h e  mixing head. While these  w i l l  not  work i n  any pos i t i on ,  

they w i l l  supply t h e  

Tube No. 5 
Machine Rate: 
Fill Time: 
W t .  of Foam: 
Tube did not 

Tube No, 6 
Machine Rate: 
F i l l  Time 
W t .  of Foam: 
Tube d id  not  

Blade No. 3 

Tube No, 7 

r e s i n  f o r  s a t i s f a c t o r y  development of t h e  mixing heads. 

0.0926 lbs / sec .  
81, sec. 
4.2 l b s .  

f i l l  

0,0926 lbs / sec .  
160.0 sec .  
5.0 lbs. 

f i l l  

Tank pressure  constant  65 p s i  
Machine Rate: 0.1375 l b s / sec .  
F i l l  Time:  40.0 sec .  
Wb, of Foam: 5.5 lbs, 
Tube d id  not f i l l .  
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Tube No. 8 
Tank pressure  sealed a t  70 psi.  
Machine Rate: 0.1018 l b s / s e c ,  
F i l l  Time: 54. sec.  
W t .  of Foam: 5.5 lb s .  
Tube d id  not  f i l l  and a i r  pressure dropped t o  50 p s i  on both tanks. 

Tube No. 9 
Tank pressure  preset a t  90 psi .  
Machine Rate: 
F i l l  Time: 54.0 8ec. 
U t .  of Foam: 6.56 lbs .  
Tube lacked f i l l i n g  by 15 inches from end. 

0.1214 lbs / sec , ,  f igured  at  70 p s i .  

Tube No. 10 
Same condi t ions as tube no. 9, 
F i l l  Time: 63 sec.  
W t .  of Foam: 8.0 lbe. 
Tube d id  not f i l l  and flow was very unsa t i s f ac to ry  and stopped 10 inches 
from end. 

Tube No. 11 
Same condi t ions as above, except small t i p  on head. 
F i l l  Time: 63 scc. 
W t .  of Foam: 7.5 lbs .  
Tube d id  not  f i l l  although foam looked very good with poor flow. 

A l l  of t h e  runs were made with the  blade core as  shown ineFigure 1. The blade 

is  r e s t i n g  on a cross  sec t ion  of a foam sample t h a t  i t  made. Notice t h a t  t h e  

c e l l  s t r u c t u r e  i s  exce l l en t .  
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Ffgure  1 
Helical Blade With Six Sets  of Holes Running Axial ly  

0 Next a series of mixing blades were made up consi8ting of d i f f e r e n t l y  shaped d isks  

stacked on 1 / 4  inch diameter rods. The f i r s t  is  shown i n  Figure 2 and c o n s i r t s  

of 15 f l a t  disks with a notch cu t  out of each one, and so stacked on t he  rod t h a t ,  

t h e  notches are not adjacent.  

lacked s t rength.  

Although t h i s  mixer worked q u i t e  well, the  foam 
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Figure 2 
Notched Circular Disks Mixing Blade 

. 
In Figure 3, the mixing blade consists of 16 d i sks  of wire wesh stacked on the 

rod. 

the cel l  structure is large and the foam porous. 

As can be seem from the photograph of the cross section of the foam sample, 0 

Figure 3 
Wire Screen D i s k s  Mixing Blade 
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Twelve metal d isks  were then V-notched i n  four places  on each d i sk  a t  90 degree 

i n t e r v a l s  and stacked on the  rod for  a mixing blade, which is shown i n  Figure 4. 

This foam did  not look good e i the r .  

Figure 4 
Blade of Disks With Four Notches 

i 

The d isks  i n  Figures 3 and 4 were then combined so t h a t  each s o l i d  d isk  was 

immediately backed with a wire c loth disk.  This d id  not  seem t o  improve the  

foam as shown i n  the  sample i n  Figure 5 .  
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nir 

f 
..- 

‘ 6 .  

Figure 5 
Notched Metal and Wire Cloth 
Combination Blade 

Figure 6 
Mixing Blade of Disks With Corners Of  
Notches Bent a t  90 Degrees. 

Likewise, t he  use of 12 disks  with the  corners of the  notches bent a t  a r i g h t  

angle, so t h a t  each d isk  touched the adjacent one, did not seem t o  produce a 

s a t i s f a c t o r y  foam. 

A t  present ,  a sa t i s f ac to ry  mixing blade i s  i n  use i n  t h e  s t a t i c  head, This 

mixing blade, which has evolved from the above experiments, cons is t s  of a series 

of one inch diameter aluminum disks of about 20 gauge. Four 1/16 inch diameter 

holes  are punched i n  one haff of the d isk  and 48 of these stacked on a 1/8 inch 

diameter aluminum rod, with about two thicknesses of material between each d isk  

taken up by small 1/4 inch diameter washers. 

d i sk  a l t e r n a t e  from s i d e  t o  s ide  due t o  t he  way i n  which the  d isks  a r e  stacked 

(Figure 7 ) .  

The holes  i n  the  halves of each 

The theory is t h a t  t h e  material i s  extruded through the hole  obtaining 
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mixing as it goes through somewhat l i k e  a homogenizer. It then h i t s  t h e  f l a t  

metal of t he  next d i sk  and obtains  more mixing as it  sprays i n  a l l  d i r ec t ions  

on t h e  metal surface,  before  flowing across  t h e  d i sk  and through t h e  holes  on the  

disk.  

Figure 7 
Present Mixing Blade f o r  S t a t i c  Head Mixer 

Ef fo r t s  w i l l  be made t o  reduce t h e  s i z e  of t h e  head by use of d i f f e r e n t  materials. 

Since the  f i n a l  head w i l l  be used on t h e  r a f t  as a one-use p iece  of equipment and 

then thrown away, it is conceivable t h a t  t he  whole head could be made of p l a s t i c ,  

such as polypropylene, 

The por tab le  foam machine t o  incorporate t h e  mixing head i s  shown i n  the  accompanying 

drawing, No. 9203-2. This is t h e  s i z e  approximately necessary to  foam t h e  

r a f t  of t h e  present design with allowances f o r  adverse foaming conditions.  

tank holding a foam component is of aluminum and of a s i z e  corresponding to t h e  

ra t io  df t h e  materials used i n  the  formulation. 

elastomer bladder o r  diaphragm so t h a t  it may be pressurized on one end i n  t h e  

manner of an accumulator, 

pos i t ion .  One end has a small air  valve f o r  use i n  pressurizing and t h e  o ther  has 

a f i l l i n g  and shut-off valve t h a t  would be used i n  s torage u n t i l  t h e  tank is a c t i -  

vated i n  the  foam machine. 

Each 

Each component tank has a urethane 

Thus t h e  tanks and foam machine w i l l  funct ion i n  any 

The shut-off vlave is i n  the  form of a small ro t a ry  
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b a l l  cock and the  whole valve can be removed by unscrewing from the  tank t o  g ive  

an opening f o r  f i l l i n g .  The t h i r d  small tank i n  t h e  drawing contains  a i r  t h a t  

has  been found necessary t o  be introduced i n t o  t h e  foam head f o r  the  formulation 

of good foam, It too, has a small a i r  valve a t  one end f o r  f i l l i n g  and a shut-off 

valve of t h e  ro t a ry  type on t h e  other end. Non-collapsible p l a s t i c  tubing connects 

t he  t h r e e  tanks t o  t h e  c e n t r a l  ro ta ry  valve,  a l s o  of p l a s t i c ,  and thence t o  t h e  

foaming head. The end of t h e  foaming head w i l l  be connected t o  the  r a f t  by another 

p iece  of p l a s t i c  tubing. To foam t h e  r a f t ,  t h e  operator  w i l l  f i r s t  arm the  machine 

by opening the  th ree  shut-off cocks on t h e  tanks and then p u l l  t h e  l eve r  on t h e  

main ro t a ry  valve,  allowing t h e  air and foam components t o  rush i n t o  the  head, mix, 

and flow out  i n t o  t h e  r a f t  where the mixture w i l l  foam up, ge l  and cure. 

i n  t h e  opposi te  end of t h e  raft  from t h e  foaming machine opening w i l l  allow excess 

A vent 

a i r  and R 1  gas t o  escape. 

A prototype machine i s  under construction and continuous e f f o r t s  w i l l  be made t o  

reduce both t h e  s i z e  and weight of t he  d i f f e r e n t  p a r t s  t o  a minimum i n  keeping with 

good s a f e t y  p rac t i ces .  The grea tes t  i t e m  of weight i n  the machine w i l l  be t h e  foam 

components themselves, with a weight of 4.5 pounds as present ly  designed. Part 

weights w i l l  depend on t h e  extent  t h a t  p l a s t i c  i s  u t i l i z e d ,  a s  even t h e  tanks could 

be of a fi lament wound g la s s  reinforced epoxy f o r  a weight savings. 
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111. RAFT DESIGN 

As o r i g i n a l l y  s t a t e d  i n  t h e  contract ,  t h e  r a f t  was t o  be designed so t h a t  t h e  

i n f l a t e d  p a r t i a l  por t ion  would support a load of 200 pounds and t h e  foam i n  p lace  

por t ion  would a l s o  support t h e  same amount without any buoyancy contr ibuted from 

t he  a i r  i n f l a t e d  sect ion.  Based on t h i s  requirement, t he  i n f l a t e d  sec t ion  was 

then taken as t o  have the  same volume as t h e  present  one-man Gemini r a f t  and the  

foam sec t ion  t o  have an equal volume, 

With these  l imi t a t ions ,  a l l  possible  designs were considered from a p r a c t i c a l  

cons t ruc t ion  and foaming standpoint.  Three main types of design evolved from t h i r .  
I 

The f i r s t  design considered t h e  most p r a c t i c a l  from a foaming and construct ion 

poin t  of view was similar t o  a f igu re  e ight  i n  a v e r t i c a l  pos i t i on  with t h e  

lower circle t h e  air  i n f l a t e d  port ion and t h e  upper t h e  foam i n  p lace  port ion.  

The f l o o r  was located i n  between t h e  two. The main advantages of t h i s  design 

were t h a t  it allowed t h e  ove ra l l  dimensions t o  s t ay  t h e  same except f o r  height ,  

t he  cons t ruc t ion  w a s  easy and simple and the  foam had an uninterupted flow path 

around t h e  r a f t  tube. 

The second design u t i l i z e d  a concentric tube design with t h e  inner  one being t h e  

air i n f l a t e d  por t ion  and t h e  outer  one the  foam i n  p lace  port ion.  Besides being 

d i f f i c u l t  t o  cons t ruc t ,  t h i s  design increased t h e  ove ra l l  dimensions (it was 

assumed t h a t  t h e  inner  dimensions of t h e  r a f t  f l o o r  would have t o  s t a y  about t he  

same i n  s i z e )  and impeded t h e  flow of t h e  foam around t h e  r a f t  tube s ince  the re  

would have t o  be some s o r t  of posi t ioning devices between t h e  two concentr ic  

walls of t h e  two tubes to  hold them i n  relative pos i t i ons  u n t i l  t he  foam cured. 
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The t h i r d  design was the  converse of t h e  second, t h a t  of having t h e  inne r  con- 

c e n t r i c  tube of foam and t h e  outer  tube i n f l a t e d .  

f o r  t h e  foam but would not  be as st rong s t r u c t u r a l l y a s  t h e  second and would 

l ikewise increase  t h e  dimensions and be d i f f i c u l t  t o  construct .  

This design has  good f low 

Figure 8 shows t h e  cross  sec t ions  of t h e  th ree  types of designs.  

Figure 8 
Three Proposed Raft  Designs 
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.i'J?b(::Xbzee r a f t s  shown i n  F igure  9 a; test  r a f t s  made of po lye thylene  f i l m  and 

foamed i n  p lace  f o r  t e s t i n g  foam flow. 

type of formula t ion  f o r  the foam and t h e  o t h e r  two a r e  of t h e  one-shot  type 

of  formula t ion .  

The c e n t e r  r a f t  h a s  t h e  prepolymer 

The r a f t  shown i n  F igure  10 and a f l o a t  i n  Figure 11 i s  a s o l i d  foam i n  p l ace  

formula t ion  tes t  r a f t  of 1 . 7  cubic  f o o t  volume. It w i l l  support  a 200 l b .  

man a s  i l l u s t r a t e d  by the  means of a l lowing a p o r t i o n  of t he  body t o  be 

i n  t h e  water  and thus  ga in  a d d i t i o n a l  buoyancy from the  body's  f l o t a t i o n .  

Cross  s e c t  ; O t i s  of the  t h r e e  proposed r a f t  des igns  were cons t ruc ted  and 

demonstrated t o  the  NASA t echn ica l  monitor .  The second des ign  was s e l e c t e d  

by NASA. It was agreed t h a t  t h e  t o t a l  buoyancy of t he  r a f t  wi th  both the  

foam i n  p l ace  and t h e  a i r  i n f l a t i o n  approximate t h a t  of t h e  former one man 

Gemini r a f t  and t h a t  the  t o t a l  over a l l  dimensions no t  apprec i ab ly  exceed 

those  of t h e  Gemini one man r a f t .  The f a c t  t h a t  t he  occupant would be 

s i t t i n g  i n  some water  when the  i n f l a t e d  p o r t i o n  was used before  the  foam i n  

p l a c e  p o r t i o n  was f i l l e d  was t o  be neglec ted .  Cont rac t  r e v i s i o n s  r e f l e c t i n g  

t h e s e  changes were reques ted .  
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To f a c i l i t a t e  t he  des ign  of the  r a f t s  and e l i m i n a t e  numerous c a l c u l a t i o n s ,  

a graph was made up a s  shown i n  Figure 1 2  from which the  t o t a l  volume of any 

r a f t  can be r ead ,  knowing the  diameter of t h e  l a rge  end tube and assuming 

t h a t  the d iameter  of t he  small  end tuLe w i l l  be t h r e e  inches less.  

(This h a s  been found t o  be i d e a l  fo r  buoyancy support  of a person.)  The 

i n s i d e  f l o o r  a r e a  of  the  r a f t  remains cons t an t  and the  volumes a r e  based on 

c a l c u l a t i o n s  assuming each end t o  be h a l f  a t o r u s  ard t he  p o r t i o n s  between the 

t runca ted  cones.  

An e i g h t e e n  inch s t r a i g h t  s e c t i o n  of two concen t r i c  tubes  of  neoprene 

coated nylon r a f t  m a t e r i a l  was made up wi th  c l e a r  p l a s t i c  ends t h a t  would 

r e p r e s e n t  t h e  l a r g e  end diameter .  

f low viewed very  c l o s e l y .  

on a hor izontF1  diameter  and t h e  r e s t  of t he  s e c t i o n  was pos i t i oned  by 

Th i s  w a s  foamed i n  p l ace  and the  foam 

A continuous web was l e f t  between t h e  two tubes  e 

Figure  10 
Test Raf t  of 1 .7  Cubic 
Foo t Vo 1 ume 

Figure  11 
T e s t  Ra f t  A f l o a t  w i t h  200 Pound 

Occupant 
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e sma l l  t a p e s  of r a f t  m a t e r i a l  k inch wide and 1-1/8 inches  long cemented 

between t h e  w a l l s  o f  t h e  concen t r i c  tubes a t  a 4 inch spacing.  

k e p t  t h e  foam from flowing e q u a l l y  around t h e  top  and bottom of the  s e c t i o n  

and were e l imina ted  from the  design.  

The webs 

The p resen t  r a f t  des ign  i s  shown i n  accompanying drawing No. 92031-1. 

This drawing does n o t  show t h e  foam e n t r y  n o z z l e ,  vent  v a l v e s ,  p o s i t i o n  of 

t h e  foam machine o r  canopy. A f u l l  s c a l e  p ro to type  was cons t ruc t ed  of 

s p e c i f i e d  r a f t  m a t e r i a l  t o  t h i s  drawing b u t  w i thou t  s t a b i l i t y  buckets .  

F igu re  13 shows a template  and t h e  p i ece  of r a f t  m a t e r i a l  c u t  o u t  u s ing  the 

template .  The f i n i s h e d  i n n e r  o r  a i r  i n f l a t e d  tube i s  p i c t u r e d  i n  F igu re  '14 

w i t h  the  p o s i t i o n i n g  t a b s  cemented 

tube cemented i n  p l ace .  

r 
I 

._ ------- 
I 

I 
Figure  13 

Raf t  Template 

i n  p l a c e  t o  it and one h a l f  of t h e  o u t e r  

Figure 14 
P a r t i a l l y  Completed Raf t  
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a Before foaming i n  p l a c e ,  t h e  inne r  tube of the ,  r a f t  was i n f l a t e d  t o  4 

pounds p res su re  and t h e  r a f t  t r i e d  out  i n  t h e  water  w i th  a 200 pound 

occupant .  

between t h e  i n n e r  and o u t e r  tube has been evacuated so no buoyancy i s  

obta ined  from t h i s  p o r t i o n .  Both the  inne r  and o u t e r  t ubes  were then  

i n f l a t e d  t o  two pounds p r e s s u r e  a s  shown i n  F igure  16. The s i z e  of t h e  

r a f t  w i t h  both s e c t i o n s  i n f l a t e d  is compared wi th  t h e  A i r  Force one man 

r a f t  i n  F igure  1 7 .  

Two views of t h i s  a r e  shown i n  F igure  15. Notice t h e  space 

Figure 15 
Raf t  w i th  Inne r  Tube I n f l a t e d  and Outer  Tube Evacuated 
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Figure 16 - 
Raf t  w i th  Both Sec t ions  I n f l a t e d  

0 

Figure 1 7  
Ra f t S i ze Compa r i. son 

The volume of t he  r a f t  and i t s  displacements  a r e  shown i n  Table  1, Figure  

18A,The  r a f t  was foamed wi th  8 pounds of  foam g iv ing  a t o t a l  weight of  

1 1 . 1 2  pounds. 

seams but  t h i s  cannot be helped when the  f l a t  shee t  type of c o n s t r u c t i o n  

is  used. Mitered tube type of  cons t ruc t ion  would e l i m i n a t e  t h i s  bu t  would 

r e s u l t  i n  much m o r e  d i f f i c u l t  cons t ruc t ion  a d  would occupy a l a r g e r  space 

when packed i n  the  co l lasped  condi t ion .  

There was some wrinkl ing i n  the  ends and a long  the s i d e  

The r a f t  was foamed through the  
0 

0 

. 
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TABLE 1 

DRAFT AT LARGE END QF RAFT 

Inner Tube I n f l a t e d  

Inner Tube I n f l a t e d ,  Outer Tube Foamed 

Inner Tube Punctured, Outer Tube Foamed 

* SUPPORT - BUOYANCY 

73,28 l b s .  146.56 l b s .  

147.33 l b s .  294.66 l b s .  

74,05 l b s .  148'10 l b s .  

CENTERS OF FLOTATION: 

Athwartships - On c e n t e r l i n e  i n  a l l  conditions 

Longitudinally - From l a r g e  end of r a f t  pe r  design drawing no. 92031.-1.. 

Inner Tube I n f l a t e d  - 25.64 i n .  (From l a r g e  end of r a f t  pe r  
design drawing no, 92031- 1) 

Inner  Tube I n f l a t e d ,  Outer Tube Foamed - 28.77 i n .  II 11 I1  II 

Inner Tube I n f l a t e d ,  Outer Tube Foamed - 27.73 in. I 1  I f  I1 I 1  0 

T e n s i l e  s t r eng th  of pos i t i on tng  tabs - 26 l b s .  

Jc Buoyancy t h e o r e t i c a l  i n  sa l t  water, weight of r a f t  and foaming equipment 
not  included i n  support f i g u r e s ,  

FIGURE 18A 
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small  tube on the  t o p  of the  small  end of the  r a f t .  F igu res  18, 1 9 ,  and 

20 show s i d e ,  bow, and s t e r n  views aE the r a f t  w i th  a 200 pound occupant ,  

p, , . ' . ; -:. .. . 

Figure  18 
Side  V i e w  of Foamed Raf t  

Figure 1 9  
Bow View of Raf t  Showing 

Foaming Tube 

The r a f t  i s  very  s t rong  i n  the  foamed c o n d i t i o n  and even s tanding  on i t  

d i d  no t  cause any measurable d e f l e c t i o n  a s  p i c tu red  i n  F igure  21. With 

t h e  occupant s ea t ed  i n  the r a f t  no l o n g i t u d i n a l  d e f l e c t i o n  could be seen a s  

compared wi th  the  unoccupied condi t ion ,  F igure  22. 

buckets  were no t  incorpora ted  on t h i s  model, t he  r a f t  shows remarkable 

s t a b i l i t y  and had no tendency t o  t u r n  over  even when l ean ing  over  t he  s i d e ,  

F igure  23. 

Although t h e  s t a b i l i t y  

It  i s  proposed t o  conduct research  t o  see i f  i t  i s  p o s s i b l e  t o  completely 

i n f l a t e  both s e c t i o n s  of t he  r a f t ,  t h e  o u t e r  one being i n f l a t e d  by escaping  

a i r  o r  C02 from the  inner  t u b e  through a p re s su re  r e l i e f  va lve  set a t  4 p s i .  

I f  t h e  foam machine can then foam t h e  o u t e r  space between t h e  two tubes  

a g a i n s t  t h i s  i n f l a t i o n  pressure  , l e t t i n g  t h e  i n f l a t i o n  gas  exhaus t  through 

ano the r  r e l i e f  va lve  i n  t h e  ou te r  t ube ,  the whole r a f t  and foam machine 

could be reduced about one t h i r d  i n  s i z e  and weight a s  t he  e n t i r e  r a f t  
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e could be used f o r  i n i t i a l  buoyancy before foaming. 

After finalization of the r a f t  design, drawings w i l l  be resubmitted  to NASA 

for approval prior to construction of the required rafts. 

Figure 20 
Stern View of R a f t  Showing Air Inf lat ion Tube 

Which i r  Relocated t o  Side of Raft in fkrign Draw%- 

Figure 21 
Strength of Ref t 

Figure 22  
Deflection o f  Loaded Raft  
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Figure 23 
S t a b i l i t y  o f  Raft Without Water Buckets 
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